The presence of atomic oxygen at internal metal-ceramic oxide interfaces significantly affects the physical properties of the interfaces which in turn affects the bulk properties of the material. This problem is addressed for the model system Ag-MgO from a phenomenological point of view using the finite element method. The performed parametric studies investigate the influence of different kinetic parameters of the diffusion-segregation system.
Introduction
Metal-ceramic phase boundaries are of great importance for many applications in materials science technology [1] , e.g. to thin solid films, coatings, electronic packaging, supported catalysts, and fibre-reinforced metal-matrix composites. In many dispersion-hardened alloys (e.g. silver, copper, and nickel), metal-oxide interfaces are involved in strengthening mechanisms. They are also included in microminiature electronic devices, e.g. MOSFETs.
A useful technique to produce fine oxide particles uniformly dispersed in a metallic matrix is the internal oxidation of alloys [2] . Silver is one of the favourite base materials for internal oxidation experiments [3, 4] . This special status stems from practical reasons [5] since small volume fractions of an alloying addition (e.g. Al, Mg, . . . ), which forms the dispersed particles, result in significant hardening effects. The presence of solute atoms at internal metal-oxide interfaces influences the physical properties of the interfaces and this, in turn, may affect the bulk properties [6] . Therefore, it is an important task to accurately predict and measure the level of solute-atom segregation at internal interfaces. In papers [7, 8] , the segregation of oxygen to metal-oxide interfaces has been numerically investigated based on one-dimensional finite difference models and the influence of various effects such as kinetic order or non-homogeneity of the oxide distributions were investigated. Later, more sophisticated geometries and particle distributions were investigated with a two-dimensional finite element scheme making use of commercial code that had been extended with special user-subroutines [9] . In recent papers [10, 11] , the phenomenological problem of the time-dependent segregation of oxygen at metalceramic (Ag-MgO) interfaces by making use of a lattice-based Monte Carlo method and a finite element method was addressed. In the present paper, the finite element method is applied to perform parametric studies to investigate the influence of different kinetic parameters of the diffusion-segregation system. The presented simulations are related to a state after the formation of oxide particles, i.e. the internal oxidation itself is not considered within the computational model. A schematic sketch of the physical problem is shown in Fig. 1 . 
Theory and Finite Element Modelling
For the parametric studies, the same two-dimensional geometry and material parameters are used as described in [10] . Oxide particles are modelled as square inclusions which are arranged in a square planar pattern, cf. Fig. 2 a. At the right hand side of the model, a constant concentration ψ 1 O = 1 is prescribed as the boundary condition and the left hand side is assumed to extend to infinity. The infinite boundary is realised by consideration of sufficient unit cells so that the initial conditions (ψ 1 O = 0) are still fulfiled at this boundary. This conditions has been checked for each single simulation.
. . . 5 0 5 0 8 The mesh itself (cf. Fig. 2 b) is composed of equal four-node, isoparametric square elements with bilinear interpolation functions. A single unit cell (50 × 50) comprises 9744 elements of dimension 0.5 × 0.5. It should be noted here that only the base material is represented by finite
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The kinetics of oxygen diffusion in the base material can be described based on Fick's second law of diffusion for the oxygen concentration ψ 1 O as
where D 1 O denotes the diffusion coefficient of oxygen in the alloy and ∆ = ∂ 2 ∂x 2 + ∂ 2 ∂y 2 is the Laplace operator. The segregation of the oxygen atoms at the metal/oxide interfaces is modelled as a boundary flux
where w 12 and w 21 are local transition rates which relate to the equilibrium segregation factor s = w 12 /w 21 . The oxygen concentration ψ 2 O at the surface of the oxide particles is obtained by integration of the area-related flux and relating this value to the correspondent volume ∆V = 0.5 · 0.5 · c (thickness c = 1), cf. Fig. 2 b:
In Eq. (3), the area ∆A which is perpendicular to the boundary flux is obtained as ∆A = 0.5 · c and ∆t = 1 is the time increment of the solution procedure.
Results
The first example illustrates the influence of different local transition rates w 12 on the oxygen concentration profiles. Figure 3 shows that higher transition rates (which is equal to a stronger adsorption) results in lower concentration profiles on both sides of the oxide particle. The dashed line in this figure refers to a simulation where no oxide particle is present. This has been achieved by meshing the empty space of the oxides and assigned the same properties as in the base material. A clear trend, i.e. that the concentration is higher in this special case, can be only observed for the part of the base material which is in the 'shadow' of the oxide particle. Figure 4 illustrates the dependency of the oxide particle concentration on different transition rates. Only on the right hand side of the particle, i.e. where the base material faces the free boundary, a monotonically behaviour of the point values can be observed: higher values of the transition rate w 12 reveal a higher point value ψ 2 O . The situation on the left hand side is not very clear since the point values have no monotonically trend. In order to investigate this behaviour, Fig. 5 presents the concentration and flux values as a function of time. It can bee seen that the concentration behaves monotonically but that the boundary flux on the left side of the particle reveals the same non-monotonically trend for different values of the transition rate in this region. 
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In contrast to this behaviour, flux and concentration increases on the right hand side with decreasing w 12 . It must be concluded that the situation in the 'shadow' of the particle is quite complex and that different effects (such as shielding due to the particle, boundary value of concentration and flux) are competing. Figure 7 summarises this complex behaviour in the 'shadow' of the oxide particle. As can be seen from this figure where a steep monotone increase up to a maximum if followed by a monotone decrease, the point concentration reveals a nonmonotonic dependency on the transition rate w 12 . The last example illustrates the influence of the desorption on the concentration profiles, cf. Fig. 7 . If the time is small (480 units), no difference between the simulation with pure adsorption and ad-and desorption can be observed under the chosen model parameters. Larger times (8480 units) result in a visible difference between both simulation. The simulation only based on adsorption underestimates the values obtained by consideration of adsorption and desorption. This conclusion is valid for both sides of the oxide particle. A comparison of the numerical values of the deviation between both simulation (cf. Tab. 1) indicates that the error is for a given time step more of less of the same magnitude and clearly increasing for longer time steps. 
Outlook
It could be shown that different kinetic parameters of the diffusion-segregation system can significantly influence the oxygen concentration profiles. The situation in the 'shadow' of an oxide particle is quite complex and cannot be predicted without a detailed numerical simulation. Another interesting process is the out-diffusion of oxygen which is performed experimentally to remove oxygen from the composite including the interphase layer. This reverse diffusion process is now being addressed with finite element and Lattice Monte Carlo simulations by the present authors. The cited work based on the lattice-based Monte Carlo method [10, 11] and the here applied finite element method are powerful tools to simulate the oxygen diffusion and segregation at interfaces in metal-ceramic composites. The next step must be to simulate how this segregation influences for example the macroscopic mechanical properties. To this end, very sophisticated investigations of the metal-ceramic oxide interface will be required.
